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(54) A constant voltage drop voltage regulator 

(57) A constant voltage drop voltage regulator for 
low power dissipation electronic systems which, from a 
first regulated supply voltage (V1) on the order of few 
volts, obtains a second regulated supply voltage (V2) 
(having the same regulating characteristics as the first 
in absolute value) a predetermined fraction of a volt 
lower than the first, by means of a MOSFET (1) in series 
between the input (2) and the output (4) of the regulator, 
the conductivity of the MOSFET (1) being varied by a 



control circuit (5) which is powered from a voltage multi- 
plier (12) at a voltage (VT) multiple of the first voltage 
(V1), by comparison of the voltage drop due to the 
MOSFET (1) and suitably amplified with a predeter- 
mined reference voltage (VREF), the comparison error, 
as amplified with a high gain, being applied as a control 
signal to the gate electrode of the MOSFET (1). 




FI&.1 



Q. 

LU 



Printed by Rank Xerox (UK) Business Services 
2.13.6/3.4 



1 w EP 0 744 683 A1 



Description 

The present invention relates to a constant voltage 
drop voltage regulator, and in particular to a regulator 
for obtaining from a regulated supply voltage, whose s 
regulation accuracy is retained, a voltage a fraction of a 
volt below the regulated voltage. 

The technology of integrated circuits for data 
processing systems, in particular personal computers, 
is living a transition period in which, to provide high per- io 
formance and increasingly higher operating frequen- 
cies, operating voltages are used which are set at non- 
standard values, in general operating voltages below 
5V, which has long been standard for the supply voltage 
to integrated circuits with bipolar and CMOS technology, is 

This in order to reduce the power dissipated by inte- 
grated circuits and, therefore, power requirements. 

Particularly for microprocessor systems, a mixed 
solution is gaining acceptance wherein some compo- 
nents are supplied a first voltage and others are sup- 20 
plied a second voltage differring by fractions of a volt 
from the first. 

In some cases, the same component may be sup- 
plied two distinct voltages. 

A typical value of the supply voltage in use today is 25 
3.3V, but it is not infrequent for a voltage of 3.6V or 3.0V 
to be also used. 

Applications at 2.7V and even 2.5V have been 
developed of late. 

Quite often, the power to be supplied at this voltage 30 
is small, and the use of a central supply to output sev- 
eral voltages is economically impractical. 

Thus, solutions are making their inroads wherein a 
first regulated voltage, e.g. 5V, generated by a central 
supply, is supplied to local DC/DC converters which 3S 
generate the desired voltages of 3.6V, 3.3V, or else 
according to necessity. 

Alternatively, linear or more properly "series" regu- 
lators have been used where the primary supply voltage 
exceeds by at least one volt the secondary voltage 40 
sought. 

These solutions have several drawbacks: 

The conversion efficiency is, both for linear regula- 
tors and DC/DC converters, comparatively low, per- 45 
haps of less than 70%. 

No justification operations, or operations to check 
the functionality of the electronic system, can be 
carried out at different supply voltages within a 
range of the nominal working voltage, except by so 
altering all the supply voltages to some extent. 
It is neither easy nor economical to provide linear 
regulators for generating secondary voltages a 
fraction of a volt less than the primary voltage. 

55 

These limitations are overcome by the constant 
voltage drop voltage regulator whereby, from a regu- 
lated primary voltage, for example of 5V or 3.6V, a sec- 
ondary voltage can be obtained which may be just a 



fraction of a volt lower, e.g. of 4.5V from 5V and 3.3V 
from 3.6V, and has the same characteristics of absolute 
precision of regulation and ripple as the primary voltage 
through broad ranges of load variation and without intro- 
ducing any appreciable regulation errors and noise into 
the output voltage. 

These results are obtained by a constant voltage 
drop voltage regulator which comprises, in lieu of the 
bipolar transistors (even in a Darlington configuration) 
used in linear or series regulators, a MOSFET device 
connected in series between the primary voltage and 
the load to be supplied a secondary voltage, and con- 
trolled to produce a predetermined constant voltage 
drop which is independent of the load and the primary 
supply voltage. 

The MOSFET device is controlled by means detect- 
ing the voltage drop across the MOSFET (in practice, a 
fed-back differential amplifier) to generate a voltage sig- 
nal related to the voltage drop and means comparing 
the voltage signal to a reference voltage (in practice, a 
second differential amplifier) to generate a control error 
signal applied to the control gate of the MOS device. 

A voltage multiplier provides the voltage required to 
power the control circuits and bias the control gate of 
the MOSFET, even if the primary voltage available is on 
the order of few volts (2-5V). MOSFETs require, in fact, 
a bias voltage on the order of several volts. 

A voltage regulator so constructed attains, even 
under a low load, a high conversion efficiency which is 
substantially equal to the ratio of the secondary voltage 
to the primary voltage, the power requirements of the 
control circuits being negligible. 

Furthermore, compared to switching regulators, it 
has no minimum and maximum load restrictions, 
beyond which the regulating function fails, the maximum 
power supplied being only limited by problems of ther- 
mal dissipation. 

Further advantages over regulators of the switching 
type are: 

intrinsic following of the input voltage for both quasi- 
static variations and fast dynamic load, which 
makes the justifying operations feasible and simple; 
possibility of regulating the voltage drop by varying 
the value of a resistor; 

no generation of noise on the output voltage as 
caused by the voltage regulator. 

The features and advantages of the invention will 
be more clearly apparent from the following description 
of a preferred embodiment and the accompanying 
drawings, in which: 

Figure 1 shows, in block diagram form, a voltage 
regulator embodying the present invention; 
Figure 2 shows a circuit diagram of a preferred 
embodiment of the regulator according to the 
present invention; 
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Figure 3 shows a modified embodiment of the reg- 
ulator in Figure 2. 

Referring to Figure 1, the voltage regulator accord- 
ing to the present invention basically comprises: 

a field-effect power transistor or MOSFET 1 , having 
an N-type channel, its drain electrode connected to 
the positive terminal 2 of a first DC voltage source 
V1 having a second terminal 3 connected to a refer- 
ence ground, and source electrode connected to an 
output terminal 4 of the regulator; 
a control circuit 5 with two signal inputs 6, 7 respec- 
tively connected to the terminals 2 and 4 to receive 
a voltage signal equal to the voltage drop across 
the drain and source of the MOSFET 1 , and with a 
third signal input 8 for receiving a constant refer- 
ence voltage VREF relative to the output voltage V2 
of the regulator and generated by a reference volt- 
age generating circuit 9 connected to the terminal 
4; and 

a voltage multiplier. 

The control circuit 5 amplifies the voltage received 
across the inputs 6. 7 and compares it to the reference 
voltage applied to the input 8 (and related to the output 
terminal 4). 

The variation between the two voltages, as suitably 
amplified, is presented as an error signal on an output 
10. 

The voltage present on the output 10 is applied, via 
an output current limiter resistor 1 1, to the control gate 
of the MOSFET 1 and modulates the conductivity of the 
same according to the error. 

Unlike bipolar transistors, the voltage drop across a 
MOSFET is resistive in nature and has a virtually null 
lower limit corresponding to an internal resistance (in 
MOSFETs for low voltages) on the order of ten millio- 
hms. 

Therefore, it is possible to obtain a voltage drop 
across the MOSFET on the order of a fraction of a volt 
even with loads which vary virtually between OA and 
tens of A, sirrply by controlling its conductivity. 

The power supply of the control circuit, which is to 
produce a control signal to the MOSFET at a level of 
positive voltage on the order of some volts (6-7), relative 
to the source electrode voltage of the MOSFET, is 
ensured by a conventional voltage multiplier circuit 12 
being supplied the voltage V1 . 

The most appropriate multiplication ratio depends 
on the voltage VI ; for example, if V1 is on the order of 
3V (3.6 to 3V), a tripler is needed; if the voltage V1 is 
less than 3V, a quadrupler may be better. 

An input capacitance 13 and output capacitance 14 
of suitable value act as input and output voltage surge 
damping filters, contributing toward the regulating loop 
stability. 

A diode 15 with the anode connected to the termi- 
nal 2 and the cathode connected to the terminal 4 pro- 



vides power supply to the terminal 4 at a voltage equal 
to V1 -VD (where, VD is the forward voltage drop across 
the diode 15) and precharge to the capacitance 14 dur- 
ing the starting up phase (Startup) of the supply system 

5 and the regulator. 

This type of regulator allows a voltage V2 to be 
obtained between the terminal 4 and the conventional 
reference ground which is independent of the load, even 
with large variations of the same, between a minimum, 

10 practically of zero, and a maximum which is only limited 
by the power dissipable through the MOSFET 1 . 

The voltage V2 differs from the supply voltage V1 
by a predetermined value enforced by the regulating cir- 
cuit. 

is ft, therefore, is apparent that V2 has, in absolute 
value, the same precision characteristics as the voltage 
V1 , and any variation in V1 reflects in V2. 

It, therefore, is possible to carry out in an easy man- 
ner operations of justification of an electronic system 
20 being supplied the combined voltages V1 and V2. 

Figure 2 shows in detail a wiring diagram of a pre- 
ferred embodiment of the constant voltage drop voltage 
regulator. 

The components of Figure 2 which are functionally 
25 equivalent to those of Figure 1 are denoted by the same 
reference numerals. 

In Figure 2, the voltage multiplier 12 comprises am 
integrated circuit 23 commercially available as part MAX 
861, four capacitances 16, 17, 18. 19, and three diodes 
30 20, 21 , 22, connected as shown in the Figure. 

The integrated circuit, which may be powered at a 
low voltage on the order of 3V, is supplied the voltage 
V1 and functions intrinsecally as a switch which period- 
ically connects and disconnects one of its terminals. 24, 
35 from ground. 

When the switch is closed, the two capacitances 1 6 
and 18 are connected in parallel between the voltage 
V1 and ground and are charged at the voltage V1 (the 
capacitance 18 through the diode 21). 
40 When the switch is open, the two capacitances 1 6 
and 18 are connected in series to each other and to the 
voltage V1 and a voltage of 3*V1 is present on the 
anode of the diode 22. 

This voltage is applied to the capacitance 19 
45 through the diode 22. 

The capacitance 19 is then charged, by several 
close/open cycles of the switch to a value +VT very 
close to 3*V1 and available at an output terminal 25 of 
the voltage multiplier 12, as the auxiliary supply voltage 
so of the control circuit 5. 

The control circuit 5 comprises two differential 
amplifiers 26, 27, the resistors 28, 29, 30, 32 and two 
capacitances 33, 34. 

The two amplifiers 26, 27 available in the form of a 
55 single integrated circuit as part LM 358 are supplied the 
voltage +VT generated by the voltage mulltiplier 12. 

The non-inverting input of the amplifier 26 is con- 
nected to the terminal 2 via the resistor 28. 
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The inverting input is connected to the output termi- 
nal 4 of the constant voltage drop regulator via the resis- 
tor 29. 

The resistor 30 connected between the inverting 
input and the output of the amplifier 26 defines together s 
with the resistor 29 the gain of the amplifier, which func- 
tions as a voltage follower with a gain A defined by 
equation Eo=(RF+R1)/R1.AV=A.AV , where Eo is the 
output voltage from the amplifier as referred to the volt- 
age (V1-AV) applied to the inverting input through the 10 
resistor 29. 

AV is the voltage applied to the inputs through the 
input resistors 28. 29, and corresponding to the drain- 
source voltage drop of the MOSFET 1, RF is the value 
of the resistor 30 and R1 is the value of the resistor 29. 15 

The capacitance 33 in parallel with the resistor 30 
defines the amplifier cut off frequency and together with 
the capacitance 34, connected between the non-invert- 
ing input of the amplifier and ground ensures the regu- 
lating loop stability. 20 

The output of the amplifier 26 is connected to the 
non-inverting input of the amplifier 27, which receives a 
reference voltage VREF on the inverting input. 

The voltage VREF is generated by a Zener diode 9 
with the anode connected to the source terminal of the 2s 
MOSFET 1 and the cathode connected to the auxiliary 
supply voltage +VT through a resistor 31 . 

The closing of the Zener current back toward 
ground, independently of the load, is ensured by a resis- 
tor 35 connected between the output terminal 4 and 30 
ground. 

Calling VZ the Zener voltage evidently is with refer- 
ence to the voltage (V1 -AV): VREF=VZ . 

At the output of the amplifier 27, not inversely fed 
back and hence with a very high intrinsic gain A1 , there 35 
is a voltage E1=A1 (AAV-VZ) which is applied to the 
control gate of the MOSFET 1 via the resistor 32. 

By suitably selecting the gain A, it becomes possi- 
ble to obtain a suitable value AAV comparable to the 
Zener voltage of a Zener diode or equivalent device sta- 40 
ble in temperature and on the order of 2.5-3V. 

The error signal E1 can then vary practically 
between 0 and VT, as a function of very small variations 
of AV above or below a desired value, jointly defined by 
VZ/A. 45 

The voltage of the error signal has adequate levels 
to control in a continuous manner the conductivity of the 
MOSFET such that the voltage drop AV is constant. 

In addition, the regulating circuit described lends 
itself for an easy match of the voltage drop of the regu- so 
lator to fill a variety of demands. 

In fact, since AV=VZ/A and the gain A is defined 
by (RF+R1)/R1 

by varying the value of RF (resistor 30) or R1 (resistor 
29) it becomes possible to set AV without the reference 55 
voltage generator requiring alteration or replacement 

In particular, it becomes possible to use resistors 
R1 with a different value according to necessity and in 
the extreme to substitute an adjustable resistance 



potentiometer for a fixed value resistor (selected from 
R1 and RF). 

Figure 2 only illustrates a preferred embodiment 
and it is apparent that many changes may be made. 

For example, the MOSFET 1 may be replaced by a 
plurality of MOSFET devices in parallel to increase the 
maximum power from the voltage regulator. In this case 
it may be best to control the gate electrode of the MOS- 
FETs with the intermediary of a bipolar transistor of the 
PNP type in an emitter follower configuration with the 
emitter connected to the voltage source +VT through a 
resistor of suitable value, the collector connected to the 
output terminal 4 (or to ground) and the base connected 
to the output of the amplf ier 27 through a resistor of suit- 
able value. 

The gate electrodes of the MOSFETs are then con- 
nected to the emitter of the transistor, through a resistor 
of suitable value. 

In this case to ensure a current circulation path from 
the collector of the transistor toward ground, also in the 
absence of a load on the regulator output it is necessary 
that the terminal 4 be connected to ground through a 
resistor of suitable value (possibly the same resistor 35 
which ensures circulation of the zener current). 

As a further modification, the Zener cfiode 9 may be 
replaced by a plurality of diodes in series, forward 
biased or by a reference voltage generating integrated 
circuit, such as the circuit known commercially as part 
TL431. 

It would also be possible to use a transistor of the 
NPN type, again in an emitter follower configuration. 

In this case the collector is connected to the voltage 
source +VT and the emitter connected to ground and to 
the gate electrode of the MOSFETs through suitable 
resistors. 

Figure 3 shows by way of example a regulator 
which is similar to that shown in Figure 2 and incorpo- 
rates some of the various modifications previously 
described, namely: 

- two MOSFETs 1 A, 1 B instead of one MOSFET, 
a plurality of forward biased diodes 91 , 92, 93, 
a transistor 50 of the PNP type, in an emitter fol- 
lower configuration, with the emitter connected to 
the voltage +VT through a resistor 51 and to the 
gate electrode of the MOSFETs through a resistor 
52. 

The collector is connected to the output terminal 4. 

The base is connected to the output of the amplifier 
27 via a resistor 54. 

The other circuit elements are functionally identical 
with those in Figure 2 and denoted by the same refer- 
ence numerals. 

Claims 

1. A constant voltage drop voltage regulator for 
obtaining, from a first regulated voltage (V1) 
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applied to an input (2) of said regulator, a second 
voltage (V2) lower than said first voltage (V1) and 
drfferring by a predetermined value therefrom, said 
second voltage (V2) being available at an output (4) 
of said regulator, comprising: 5 

a MOSFET transistor (1) with an N-type chan- 
nel and the drain electrode connected to said 
input (2) and the source electrode connected to 
said output (4), w 

- a first means (5,26) connected to said input (2) 
and said output (4) to generate a voltage signal 
proportional to the voltage drop across said 
input and said output, 

a generator of reference voltage (9) relative to 75 
the voltage at said output (4), 
a second means (5,27) connected to said first 
means (5,26) and said reference voltage gen- 
erator (9) to generate an error signal having a 
voltage related to the error between said volt- 20 
age signal and said reference voltage (VREF), 
and 

- a third means (11,32,54,50,52) for applying 
said error signal to the gate electrode of said 
MOSFET (1). 25 



ferential amplifier (27), the emitter being also con- 
nected, via a third resistor (52), to the gate 
electrode of said MOSFET. 

6. The voltage regulator of Claim 3, wherein said third 
means comprises a transistor of the NPN type in an 
emitter follower configuration with the collector con- 
nected to said auxiliary voltage, the emitter con- 
nected to ground via a first resistor, and the base 
connected, via a second resistor, to the output of 
said differentia] amplifier, the emitter being also 
connected, via a third resistor, to the gate electrode 
of said MOSFET 



The voltage regulator of Claim 1, wherein said first 
regulated voltage is on the order of some volts and 
said second voltage differs with said first voltage by 
fractional volts, comprising a voltage multiplier (12) 30 
which is supplied said first voltage (V1) to generate 
an auxiliary voltage (VT) being a multiple of said 
first voltage (V1), said first and second means (5) 
and said reference voltage generator (9) being sup- 
plied said auxiliary voltage (VT). 35 

The voltage regulator of Claim 2, wherein said first 
means (5) comprises a first operational amplifier 
(26) operated as a voltage follower with gain, being 
input said voltage drop across said input (2) and 40 
output (4), and said second means (5) comprises a 
differential amplifier (27) having an inverting input 
connected to said reference voltage generator (9) 
to receive said reference voltage (VREF) and a 
non-inverting input connected to the output of said 45 
operational amplifier (26). 



The voltage regulator of Claim 3, wherein said third 
means comprises a current limiting resistor (1 1) for 
connecting the output of said cfifferential amplifier so 
(27) to the gate electrode of said MOSFET (1). 



The voltage regulator of Claim 3, wherein said third 
means comprises a transistor of the PNP type (50) 
in an emitter follower configuration with the emitter 55 
being connected to said auxiliary voltage (VT) via a 
first resistor (51), the collector connected to the out- 
put (4) of said regulator and the base connected, 
via a second resistor (54), to the output of said dif- 
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